Toxin producing dinoflagellates of the genus Alexandrium Halim represent a risk to 14 Arctic environments and economies. This study provides the first record and a 15 characterization of Alexandrium ostenfeldii in the western Arctic. During a cruise along the 16 coasts of western and southern Greenland 36 isolates of the species were established in 17 
. 46
One of the less studied toxic species of the genus is Alexandrium ostenfeldii. It has 47 been widely observed in temperate waters of Europe (Balech and Tangen, 1985) , North 48
America (Cembella et al., 2000a) , the Russian Arctic (Okolodkov and Dodge, 1996) and 49
Eastern Siberian Seas (Konovalova, 1991) . There are also records of the occurrence of A. 50 ostenfeldii from the coast of Spain (Fraga and Sanchez, 1985) , the Mediterranean (Balech, 51 1995), New Zealand (Mackenzie et al., 1996) , Peru (Sánchez et al., 2004) and Japan (Nagai 52 et al., 2010) . However, for a long time, A. ostenfeldii has been considered mainly as a 53 background species, occurring at low cell concentrations mixed with other bloom forming 54
dinoflagellates (Balech and Tangen, 1985 ; Moestrup and Hansen, 1988; John et al., 2003) . 55
Only in the past decade it has gained increasing attention when dense blooms of this species 56 (or its synonym A. peruvianum) were reported e.g. from South America (Sánchez et al., 57 2004), the Northern Baltic Sea (Kremp et al., 2009) , along the Adriatic coast of Italy 58 (Ciminiello et al., 2006) , the estuaries of the US East coast , and, most 59 recently, the Netherlands (Burson et al., 2014) . It is not clear whether the recent increase in 60 parameters estimated from the data, using an evolutionary model GTR+G, selected under the 186 Akaike Information Criterion (AIC) with jModelTest 0.1.1. (Posada, 2008 
Morphological characterization 190
For all strains, species designation was confirmed by fluorescence microscopy of 191 calcofluor-stained samples. For a more detailed morphometric characterization of the 192
Greenland isolates, 7 strains representing the 3 sampling stations were randomly chosen. 
Toxin analyses 205
For toxin analysis, strains were grown in 65 mL plastic culture flasks at the standard 206 culture conditions described above. For each harvest, cell density was determined by settling 207 lugol fixed samples and counting >600 cells under an inverted microscope. Cultures at a cell 208 density ranging from ranging from 400 -5.000 cells mL -1 were harvested by centrifugation 209 (Eppendorf 5810R, Hamburg, Germany) at 3220 g for 10 min, 50 mL for analyzing PSP 210 toxins and 15 mL for analysis of cyclic imines. Cell pellets were transferred to 1 mL 211 microtubes, again centrifuged (Eppendorf 5415, 16,000 g, 5 min), and stored frozen (-20°C) 212 until use. 213
Cyclic imine toxins including spirolides and gymnodimines (GYMs) were analyzed by 214 liquid chromatography coupled to tandem mass spectrometry (MS 2 ). Mass spectral 215 experiments were performed on an ABI-SCIEX-4000 Q Trap (Applied Biosystems, 216
Darmstadt, Germany), equipped with a TurboSpray ® interface coupled to an Agilent 217 (Waldbronn, Germany) model 1100 LC. The LC equipment included a solvent reservoir, in-218 line degasser (G1379A), binary pump (G1311A), refridgerated autosampler 219 (G1329A/G1330B), and temperature-controlled column oven (G1316A). 220
After injection of 5 µL of sample, separation of spirolides was performed by reversed-221 phase chromatography on a C8 column (50 × 2 mm) packed with 3 µm Hypersil BDS 120 Å 222 (Phenomenex, Aschaffenburg, Germany) and maintained at 25 °C. The flow rate was 0.2 mL 223 min -1 and gradient elution was performed with two eluents, where eluent A was water and 224 eluent B was methanol/water (95:5 v/v), both containing 2.0 mM ammonium formate and 50 225 mM formic acid. Initial conditions were elution with 5% B, followed by a linear gradient to 226 100% B within 10 min and isocratic elution until 10 min with 100% B. The programme was 227 then returned to initial conditions within 1 min followed by 9 min column equilibration (total 228 run time: 30 min). 229
Mass spectrometric parameters were as follows: curtain gas: 20 psi, CAD gas: medium, 230 ion spray voltage: 5500 V, temperature: 650°C, nebulizer gas: 40 psi, auxiliary gas: 70 psi, 231 interface heater: on, declustering potential: 121 V, entrance potential: 10 V, exit potential: 22 232 V, collision energy: 57 V. Selected reaction monitoring (SRM) experiments were carried out 233 in positive ion mode by selecting the transitions shown in Table 2 . Dwell times of 40 ms 234 were used for each transition. 
Estimation of lytic capacity 243
Isolates were screened for lytic activity by using a Rhodomonas bioassay (Tillmann et 244 al., 2009) . Clonal isolates of A. ostenfeldii were grown in batch cultures in 65 mL plastic 245 culture flasks at standard culture conditions described above and were regularly inspected 246 with a stereomicroscope. When cultures became dense (2.000-7.000 cells mL -1 ) cell 247 concentration of each strain was estimated by counting Lugol's iodine fixed cells within a 248
subsample that contained at least 600 cells. Cultures were subsequently diluted with medium 249 to a final cell concentration of approximately 1.000 cells mL -1 . Then 3.9 mL of diluted 250 cultures was dispensed into triplicate 6 mL glass vials. Two negative and one positive control 251 (triplicate each) were performed in the same way as the experimental assays. The first 252 negative control contained only K medium (3.9 mL), whereas the second negative control 253 was performed with A. tamarense, strain Alex5, a strain which previously was shown to be 
Plankton situation 273
We successfully isolated Alexandrium ostenfeldii from three stations located on the west 274 coast of Greenland (Fig. 1) . At the northernmost station 506 located in the Uummannaq 275
Fjord, surface water of rather high temperature (5-7 °C) and low salinities (27-28) was 276 successfully isolated from the same sample (to be reported elsewhere). In contrast, all 316
Alexandrium-like cells isolated from station 524 and successfully brought into culture turned 317 out to be A. ostenfeldii. Many of the Alexandrium cells observed in net tow sample from 318 station 524 contained large inclusion (Fig. 2) . 319 320
Phylogenetic position of Greenland isolates 321
All of the selected 14 strains from the 3 sampling stations had identical ITS, LSU and 322 SSU sequences. Bayesian Inference (BI) and Maximum Likelihood (ML) methods returned 323 identical tree topologies for ITS-LSU data set (Fig. 3 ). In the phylogenetic tree, Greenland 324
Alexandrium strains from all 3 stations grouped together with each other and with strains 325 from Iceland and the Gulf of Maine (USA), constituting a well-supported monophyletic (ML 326 99 %, BI 1.0) clade, consistent with group 5 defined by Kremp et al. (2014) . BI and ML 327 analyses of SSU sequences (supplementary figure S1) showed a different, more conserved 328 tree topology, where A. ostenfeldii was not grouped into 6 different groups as based on ITS 329
and LSU sequences, but into three major groups. The first group collates groups 1 and 2 of 330 the ITS-LSU phylogeny, placing strains from the Baltic Sea, US East coast estuaries and 331
China in the same cluster with isolates from the UK, Ireland and Spain (ML 90 %, BI 0.93). 332
The second group (ML 82 %, BI 0.99) is identical with group 6 of the ITS-LSU phylogeny 333 and a third group (ML 55 %, BI 0.56) combines ITS-LSU groups 3, 4 and 5. Here again, the 334 Greenland isolates are most similar to strains from the NW Atlantic, and appear slightly 335 differentiated from the Japanese (ML 82 %, BI 100) and New Zealand populations (ML 83 336 %, BI 100). 337 338
Morphology 339
Cells of Alexandrium ostenfeldii from Greenland were round to ellipsoid in shape ( strains were of medium size with mean cell lengths of 33 to 37 µm (Table 3) . With mean 343 width to height ratios of 0.89-0.97, the majority of the examined strains were slightly longer 344 than wide (Table 3) . Most round cells were found in strain P1F8, while cells were particularly 345 elongated in strain P2G3. 346
Dimensions of plates varied among strains, largest 1' plates were found in the largest 347 cells (strain P1H10) ( Table 3) . Most of the examined strains had narrow 1' plates (Fig. 4 B (Table 3, Fig. 4 B, D, E) . Commonly, a fold was observed on these 355 plates (Fig. 4 E) . Width to height ratios of the anterior sulcal plate (s.a.) revealed that these 356 plates were generally lower than high (Table 3) . This was also the case for the 6'' plate 357 (Table 3 , Fig. 4 E) . Generally the variability in w/h measurements of the s.a. and 6'' plates 358 was high as indicated by high standard deviations. The pore plate with the comma-shaped 359 apical pore (Fig. 4 G) and the sulcal plates (Fig. 4 H) showed the typical shapes and 360 arrangements of Alexandrium ostenfeldii. 361 362
Toxin composition 363
All the 36 analyzed strains were spirolide producers, but none of them produced 364 gymnodinime A (GYM-A), 12-methyl GYM-A or paralytic shellfish poisoning (PSP) toxins. of A. ostenfeldii at that concentration clearly had the capacity to lyse the target Rhodomonas 394 salina (Fig. 5) . In all bioassay runs, positive controls (using the known lytic A. tamarense 395 strain Alex2) yielded total lysis of Rhodomonas, whereas in all negative controls using the 396 non-lytic strain Alex5 were not sigificantly different from seawater controls (data not shown). 397
At the fixed dose of ca. 1000 cells mL -1 , lytic capacity varied considerably with the final 398 number of intact Rhodomonas ranging from 0 to 92%. When tested with a simple t-test, final 399
Rhodomonas concentration incubated with strain P1G6 was not significantly different to the 400
control. An additional test of strain P1G6 tested at a distinctly higher dose (ca. 3000 cells mL (including A. peruvianum) revealed that global isolates are genetically differentiated into 6 408 groups (Kremp et al. 2014 ). In the respective concatenated ITS-LSU phylogeny, these groups 409 fall into two major clusters, one consisting groups 1 and 2 which contain a mix of geographic 410
isolates from shallow estuarine, often brackish habitats, and the other one containing 411 geographically differentiated Groups 3 to 6. The ITS-LSU analysis performed in the present 412 study reproduced the Kremp et al. (2014) Figure S1) . Atlantic Canada and Iceland (Paulsen, 1904) , suggests that Group 5 represents this cold water 451 ecotype. In the present study we do not systematically address the ecological preferences of 452 the Greenland isolates, but it can be noted that most isolates grow better when maintained at 453 11 °C compared to 16 °C (J. Oja, personal communication) suggesting that they are adapted 454 to cooler rather than warmer water. (Fig. S2F) is consistent with spirolide A, but due to lack of any reference 487 material an unambiguous identification is not possible. Compound 1 (Fig. S2E) Our screening also indicates that there are profound quantitative differences in lytic 547 activity between different isolates. It has to be kept in mind that our strains were grown at 548 exactly the same environmental conditions but have not been sampled at a defined growth 549 stage, which might have contributed to the observed strain differences. Quantitative 550 differences in lytic activity within a population of Alexandrium have been described before 551 for isolates of A. tamarense from the northern North Sea (Alpermann et al., 2010) . Such a 552 high phenotypic variability, also manifested here in the high variability in the spirolide 553 profile with A. ostenfeldii from Greenland, and manifested in the North Sea population of A. 554 tamarense by a high strain variability in PSP toxin profile, has been discussed as evidence for 555 lack of strong selective pressure on respective phenotypic traits at the time the population 556 was sampled (Alpermann et al., 2010) . 557
Lytic effects at cell concentrations used in this study were almost three orders of 558 magnitude above the densities of Alexandrium spp. estimated in the field samples during our 559 field expedition. Nevertheless, To conclude, spirolide producing and lytic A. ostenfeldii are present along the west coast 576 of Greenland. In accordance with the phylogenetic analysis, the arctic cold water population, 577 however, does not produce PSP toxins and thus does not contribute to the PSP toxicity in the 578 region (Baggesen et al., 2012) which is thus probably caused exclusively by A. tamarense. 579
Spirolides currently are not considered dangerous to humans at the concentrations found in 580 shellfish and are therefore not regulated, but they clearly are potent neurotoxins causing rapid 581 death of mice when injected intraperitoneally. Furthermore, they were found to be toxic to 582 mice in oral feeding studies, and are therefore regarded as so-called "emerging" toxins. Our 583 results show the presence of numerous new spirolide analogs whose specific toxicity 584 currently is unknown. Low cell concentrations of A. ostenfeldii as found in plankton samples 585 during our summer cruise and the preference for cold water where slow growing 586 dinoflagellates are usually outcompeted by fast growing diatoms, does not exclude the 587 possibility that this species may, under certain circumstances, form blooms. An increase of 588 dinoflagellate proportions and dinoflagellate dominated blooms has been reported from other 589 cold-water systems (Klais et al., 2011) . In the Baltic Sea, the recent increase of dinoflagellate 590 spring blooms has been related to favourable effects of changing climate conditions on the 591 recruitment of the respective species from their cyst beds, which provides them a competitive 592 advantage over diatoms (Kremp et al., 2008; Klais et al., 2011) . Also A. ostenfeldii forms 593 resting cysts (Mackenzie et al., 1996) and hence the seasonal dynamics may largely depend 594 on cyst germination and formation processes that are potentially influenced by changing 595 environmental conditions. In fact, cysts of Alexandrium have been detected in West 596
Greenland sediments (Mindy Richlen, pers. com). It is not known whether life cycle 597 regulated indirect effects of bloom promotion could eventually also favour cold-water A. 598 ostenfeldii in coastal waters of western Greenland. Further field studies and ecophysiological 599 experiments targeting the life cycle, growth performance and toxin production at different 600 environmental conditions are now needed to estimate the impact of global change and 601 temperature increase on the survival, establishment, extension, and bloom formation of 602 
